Since the pioneering experiments of N. G. Cholodny and F. W. Went (11, 12, 27 ; also see 28) it has been known that phototropic curvature in the asymmetrically illuminated oat coleoptile is associated with a difference between the amounts of auxin passing through the lighted and shaded sides. This was at first ascribed to lateral migration of auxin across the plant. No obvious decrease in the basipetal transport of applied auxin could be found. Another explanation was that some auxin is photolytically destroyed on the lighted side. This was supported by the frequent observation that total yields of endogenous auxin from phototropically stimulated plants were less than from dark controls (26, 27, 28) and also by much work on model systems (14, 23) . Nevertheless, 3 lines of evidence point away from this interpretation. 1 Revised manuscript received Aug. 23, 1963 . 2 This work was supported in part by grants from the National Science Foundation, G9084 and G21799, to Professor K. V. Thimann, and by predoctoral fellowships to B. Gillespie Pickard from the National Science Foundation and from the Public Health Service, Division of General Medical Sciences (No. CPM-8662-Cl, 1961-63).
Firstly, at least in corn coleoptile tips, light causes no decrease in the total yield of auxin obtained in agar receiving blocks (7, 8) . This was shown both for the "first positive" and "second positive" curvature (see 26) , and discrepant results of other workers could be explained by the observation (6) that brief exposure of corn or oat coleoptiles to phototropically ineffective red light decreases the subsequent auxin production by the tips. Since most experimenters had not excluded red from their safe-lights, the decreased auxin yields which they reported do not necessarily constitute evidence for a role of auxin destruction in phototropism.
Secondly, calculations made by Buinning (9) and by Thimann and Curry (26) show that an incident photon causing the "first positive" curvature of Avena would have to be capable of destroying at least several hundred IAA molecules in order to account for the observed asymmetry. Such a high quantum yield certainly rules out a direct photolytic effect.
Thirdly, von Guttenberg (19) showed that although decapitated oat coleoptiles give only a very slight response to 3 hours' stimulation by unilateral wlhite light, the same plants subsequently develop a marked curvature when the physiological tip becomes regenerated or when IAA is supplied to them. In fact, the plants remember a previous exposure to light for at least 8 hours in the dark in the absence of auxin, giving up to 150 curvature when auxin is subsequently provided. These observ-ations also rule out any direct photolytic action.
Evidence of anotlher kind supports the idea that in phototropism auxin is actually moved across the plant. Two years before \Vent's experiments, it had been shown by Boysen-Jensen and Nielsen (4) that the insertion of a fragment of mica in the tip of a coleoptile, in the plane perpenclicular to the incident light, nearly prevented the (levelopment of phototropic curvature. But Recent studies with IAA-C14 have, however, given results in sharp disagreemiient with those found for endogenous auxin. A number of workers have attempte(l to find asymmetric (listribution of radioactivity when the labeled auxin was applied to phototropically stimulatedl oat coleoptiles (10, 18, 24) . Their results have been uniformly negative, whether the IAA was applied to intact or to decapitated plants, and whether the light dosage was low or high. Two possible explanations suggest themselves. The first is that an auxin precursor or other factor involved in auxin synthesis is moved across the plant, rather than the IAA itself. This possibility has been (liscussecl in detail by Thimann and Curry (26) . The second is that only a special endogenous auxin migrates, resulting in an asymmetry mleasurable by bioassay of this endogenous growth hormone, while the radioactivity of the IAA-C14 remains uniformly distributed. Since Gordon and his coworkers were able to find asymiimetry of endogenous auxin undler conditions apparently the same as those leadling to symmetrical distribution of IAA-C14, search is continuing for adlditional endogenous auxins in coleoptile diffusate (18. 22) .
However, the meaning of these experiments with radioactive IAA is subject to 2 major reservations. First, sev eral wvorkers have been unable to find evidence for lateral transport of applied radioactive IAA during the geotropic response, yet we have shown (15, 16 ) that when purified IAA-C14 is properly applied in low concentrations to horizontally-placed coleoptile sections the distribution of radioactivity becomes markedly asymmetrical, agreeing well with the original bioassay data of Dolk (13) . Hertel and Leopold (19a) also showed lateral transport of C14-IAA through the cut surface of halved horizontal coleoptiles. The data of Goldsmith and Wilkins (17) in which C14-IAA applied asymmetrically to the apical cut surface of horizontal coleoptile sections became synimmetrically distributed at the base, gives further demonstration that lateral transport occurs in geotropism. Second, as has been stressed by Thi The counts per minute have been corrected for self-absorption only in those cases where total recovery is quoted, that is, in tables IV and V. The correction factors differ from experiment to experiment, due to different planchet diameters and different volumes both of agar and of sections (which may or may not have been halved as well). There are of course random errors in the sizes of the donor blocks and in the actual counting, the latter being especially serious when the counts are small. It was in order to minimize the effects of all these unavoidable errors that so large a number of experiments has been felt necessary.
Results and Discussion
The Response to Low Light Dosages. The classical work on phototropism was mainly concerned with the dose range in which curvature is a function of the product,of intensity and time (see 26). Both in oats and in corn this "first positive curvature" occurs at white light dosages below 5000 meter-candle-seconds.
To select an appropriate light dosage within this nouncedl as-mmetry than the bioassay method, for 2 reasons. First, the bioassay measurements are interfered with by the uniformly distributed endogenous auxin which continues to diffuse symmetricallv into the receivers for the first half hour or more after illumination, before the wave of redistributed auxin reaches the base of a 6.5 mm tip. Radioactivity determinations are free from this complication. Second, Briggs found with Burpee Snowcross corn that the region of auxin production extends more than 1.5 mm farther down the tip than does the region of lateral translocation (7) . If this applies to the presentvariety of corn, then IAA-C14 which is carefully applied to the extreme tip may become even more completely redistributed than the endogenous auxin.
For the sake of completeness, the distribution of radioactivity within the coleoptile tissue of experiments 1 through 8 was assayed; table II shows that, as expected, more auxin is found in the shaded than in the lighted halves of the plants. The asymmetryhere only amounts to 35: 65, but since it is difficult to bisect the rather unsymmetrical, tapering intact tips rapidly an(d accurately, these data may be less quantitatively reliable than those of table I. Below the region of IAA-C14 entry and redistribution, the asymmetry of radioactivity in the tissue should not vary appreciably with distance from the tip, and should be the same as the asymmetry of radioactivity emerging into the receivers. Nevertheless, table II is important because it shows that failures of previous workers to find asymmetric distribution of applied IAA-C14 were not due to their assaying of the radioactivity in the tissue rather than in receiver blocks. It appears, instead, that these failures must be attributed to improper application of the radioactive auxin.
The Curvatuire Response to Continuous Light. The responses to small and to large amounts of light are different in several ways. Firstly, the curvature resulting from large light dosages, or "second positive response," does not seem to be dependent on the total amount of light received, but rather on the length of time the light remains on. Secondly, the region of sensitivity to high light dosage extends several millimeters below the apex. Thirdly, in oats at least, the "second positive" curvature response begins almost immediately, whereas there is a 20 minute lag before a response can be observed following a "first positive" exposure. It thus seems clear that the coleoptile has 2 distinct systems responsible for the "first positive" and "second positive" curvatures. The 2 types of response have been compared and contrasted by Thimann and Curry (26) and by Zimmerman and Briggs (30) .
In order to relate measurements of auxin distribution to the curvature which would occur under the same experimental conditions, a few dose-response studies were carried out. The first dealt with Avena. Rows of oat seedlings growing in agar, with mesocotyls shaded, were exposed to 500 meter-candles of light for times varying from 15 to 100 minutes and then allowed 40 more minutes for curvature to develop. (This curvature time was kept short in order to minimize geotropic reversal.) The response was confirmed to be linearly dependent on the duration of illumination, as predicted (26, 30) . The longest exposure produced an average curvature as high as 680 in spite of the fact that 40 minutes is well below the 90 minute time previously reported optimal for the development of curvature under these conditions (26) .
In another experiment, rows of plants were exposed for 2 hours to light of intensities from 10 to 600 meter-candles. It was confirmed that the response is at least approximately independent of light intensity over this 60-fold range. Thus the continuous, high intensity light which brings about asymmetric IAA-C14 distribution in the subapical coleoptile sections causes in the intact seedling a phototropic curvature which is clearly characterized as the "second positive" response. Preliminary auxin distribution experimenits were performed on oats. Coleoptile sections were cut, mounted on a razor blade, and provided with agar donors and receivers exactly as described in the first paper (16) . Instead of being placed horizontal, however, the assemblies were subjected to unilateral white light of 500 meter-candle intensity for the whole duration of the 3-hour transport period. Table III Full details for the 1st series are presented in table IV . For series 2, 4, and 5, the correction factor for absorption by agar would be 1.1, the specific activity of the auxin was 16.9 c/mole, the counting efficiency 34 %, and the transport period 3 hours. Per cent recovery was calculated to be 105 % for series 5. Series 2 and 4 were carried out simultaneously. Series 3 and 6 were also carried out simultaneously but about a year later than the others. The counting efficiency then was 44 go. The absorption factor would be 1.0 for series 3 and 1.1 for series 6; the specific activity for series 3 was 3.94 c/mole and 16.9 c/mole for series 6. It is of interest to ask xvhether, as the (lonor conicentration is lowvered, the lateral transport system redistributes a fixedl anmount of the auxin or a fixed proportion of it. Tlherefore, the experimenits of table IV were repeated with (lonors containing lower conicentrations of IAA-C14. 66 . This similarity persists in spite of the fact that the experimental conditions were varied, and that the depth of insertion of the tips into the donor blocks was not precisely controlled.
Amount
The difference between the results with the tip on andl those with subapical sections agrees with the observation that even for the second positive stimulus the sensitivity of the tip of the corn coleoptile is greater than that of the regions beloxv; both the auxin asymmetry andl the curvature were about 4 times as great wvhen the tip participatedI in the response as wxhen the subapical region alone took part.
Although tables IV and V nmake it clear that no auxin is destrove(l in continuously illuminatedI subapical sectiols, the radi-oassay mletlho(ds of Subapical corn coleoptile sections similarly supplied with indoleacetic acid-C14 and unilaterally illuminated with 500 meter-candle white light for 3 hours transported the auxin asymmetrically into basal agar receivers, the ratio measured being 46.1: 53.9. Similar experiments with Avena coleoptile subapical sections also gave a ratio of 46: 54.
All of the radioactivity supplied to such phototropically stimulated subapical sections was recoverable at the end of the experiments; hence, the asymmetry was not produced by auxin destruction. The partition of radioactivity between agar donors, tissue, and agar receivers was not measurably different from that in controls.
No differences in the magnitude of the asymmetry developed by these subapical sections could be distinguished whether they transported 1.4, 0.5, or 0.1 times the normal amount of auxin, although there was some evidence that with extremely low auxin concentration the asymmetry may be increased.
It is concluded that photodestruction of auxin is not the cause of phototropic curvature in these coleoptiles, but that indoleacetic acid is translocated laterallv across the corn coleoptile during both the "first positive" and "second positive" phototropic responses.
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The native lignin preparation from bagasse was the same as used previously (19) , but the preparation was hydrolyzed in 0.5 N NaOH as in the regular treatment. Phenolic compounds were purchased commercially. 
